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Abstract: Principal Component Analysis (PCA) was used to determine the association 
between dietary patterns and cognitive function and to examine how classification systems 
based on food groups and food items affect levels of association between diet and cognitive 
function. The present study focuses on the older segment of the Australian Diabetes, Obesity 
and Lifestyle Study (AusDiab) sample (age 60+) that completed the food frequency 
questionnaire at Wave 1 (1999/2000) and the mini-mental state examination and tests of 
memory, verbal ability and processing speed at Wave 3 (2012). Three methods were used in 
order to classify these foods before applying PCA. In the first instance, the 101 individual 
food items asked about in the questionnaire were used (no categorisation). In the second and 
third instances, foods were combined and reduced to 32 and 20 food groups, respectively, 
based on nutrient content and culinary usage—a method employed in several other published 
studies for PCA. Logistic regression analysis and generalized linear modelling was used to 
analyse the relationship between PCA-derived dietary patterns and cognitive outcome. 
Broader food group classifications resulted in a greater proportion of food use variance in 
the sample being explained (use of 101 individual foods explained 23.22% of total food use, 
while use of 32 and 20 food groups explained 29.74% and 30.74% of total variance in food 
use in the sample, respectively). Three dietary patterns were found to be associated with 
decreased odds of cognitive impairment (CI). Dietary patterns derived from 101 individual 
food items showed that for every one unit increase in ((Fruit and Vegetable Pattern: p = 0.030, 
OR 1.061, confidence interval: 1.006–1.118); (Fish, Legumes and Vegetable Pattern: p = 0.040, 
OR 1.032, confidence interval: 1.001–1.064); (Dairy, Cereal and Eggs Pattern: p = 0.003,  
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OR 1.020, confidence interval: 1.007–1.033)), the odds of cognitive impairment decreased. 
Different results were observed when the effect of dietary patterns on memory, processing 
speed and vocabulary were examined. Complex patterns of associations between dietary 
factors and cognition were evident, with the most consistent finding being the protective 
effects of high vegetable and plant-based food item consumption and negative effects of 
‘Western’ patterns on cognition. Further long-term studies and investigation of the best 
methods for dietary measurement are needed to better understand diet-disease relationships 
in this age group.  
Keywords: dietary pattern; principal component analysis; cognitive impairment; Australia 
 
1. Introduction 
Cognitive impairment is a condition in which a person has difficulty with memory, learning, 
concentrating or making decisions that affect their daily life [1]. Diet is among several modifiable factors 
found to influence cognitive function [2–4]. Age is presently the strongest known predictor for cognitive 
decline, and cognitive impairment (CI) has been shown to adversely affect quality of life and functional 
ability [5,6]. Risk reduction is especially important because there is still no effective treatment for 
dementia [7].  
Studies aimed at elucidating the association between diet and cognitive function have utilised  
both the single nutrient and dietary pattern approaches [8,9]. While the single-nutrient approach has 
addressed various public health problems, many researchers theorise that due to high correlations 
between individual food constituents, there should be a shift toward analysis using a dietary pattern 
approach [10,11]. Evidence on the effect of dietary lipids, B-vitamins, antioxidants, fish, alcohol, 
vegetables and legumes have all produced varying results, and further research is needed into biomarkers 
for particular nutrients and cognitive endpoints in order for any definitive population-based conclusions 
to be reached [2,12–15]. Diets low in saturated fat, high in legumes, fruits and vegetables, moderate in 
ethanol intake and low in meat and dairy have also been highlighted as being beneficial to neurological 
function. One of the most studied dietary patterns is the Mediterranean diet, a diet rich in cereals, olive 
oil, fish, fruits and vegetables and low in dairy and meat, with a moderate consumption of red wine. This 
diet has been linked to increased survival, reduced risk of cancers, cardiovascular disease, longevity and 
cognitive impairment [16]. However, it is important to consider that there may be other dietary patterns, 
yet to be identified, that may have similar benefits and that can be applied to various sociocultural and 
demographic settings. 
Few studies have examined the effect of dietary patterns on cognitive function using a data-driven 
method and even fewer of these studies have utilised Australian data. We identified only two studies 
utilising a data-driven approach to dietary analysis that have examined links with cognition in an 
Australian sample. The first used data from the Melbourne Collaborative Cohort Study in  
conducting factor analysis to determine the effect of dietary intake on psychological distress in older 
Australians [17] and the second utilised data from the Personality and Total Health (PATH) Through 
Life Study to examine the diet-depression relationship in three cohorts [18]. 
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PCA is a data-driven approach that reduces a large number of food variables into a smaller set that 
captures the major dietary traits in the population [19]. In nutritional epidemiology, PCA can be used to 
investigate exposure-disease associations. As it relates to older age groups, such information can serve to 
develop age-specific guidelines and policies. One of the major criticisms of PCA, however, is that results 
can differ based on the methods employed during variable reduction and classification [20,21] and there 
is presently no accepted gold standard for dietary analysis to guide researchers. 
The present study therefore has two aims. First, it addresses the question of how classification systems 
used to reduce food variables before the application of PCA affect the observed association between diet 
and cognitive function. Second, it evaluates the association between dietary patterns and cognitive 
function in a population-based cohort of Australian adults. In addition, it aims to determine the variance 
in food use explained by the different variable reduction methods employed, i.e. using 101 individual 
food items, 32 food groups and 20 food groups. 
2. Experimental Section 
2.1. Study Design and Sample 
The study utilised secondary data derived from the AusDiab study, a population-based national survey 
of the general (non-institutionalised) Australian population aged 25 years and older [22]. The baseline 
examination was undertaken in 1999–2000 (n = 11,247), with follow-ups conducted in 2004–2005  
(n = 8798) and 2011–2012 (n = 6186) [22]. Dietary data were obtained from a sub-group of the sample 
using a questionnaire (Wave 1: n = 3298) [22]. Measurement of cognitive function was conducted on 
those who attended survey sites in the third Wave of data collection (n = 4764) [23]. The present study 
focuses on the older segment of the sample (age 60+ at baseline) that completed the food frequency 
questionnaire at Wave 1 and the mini-mental state examination and tests of memory, verbal ability and 
processing speed at Wave 3 (n = 577).  
We excluded 2721 participants from the current analysis since these participants had no dietary and/or 
cognitive data recorded.  
2.2. Cognitive Outcome Measurement 
The mini-mental state examination (MMSE) was used for data collection in 2011–2012 (AusDiab 
Wave 3) to determine CI status. Participants were classified based on their MMSE score as either 
cognitively impaired (score of 0–23) or not cognitively impaired (score of 24–30) [24].  
The California Verbal Learning Test (CVLT) was used to assess memory using a 16-point scoring 
system. For this test, participants were asked to recall and repeat a list of 16 common shopping items 
that had been read to them by an interviewer. During a short delay of 20 min, during which participants 
were given other tasks to perform, the interviewer then asked the participant to recall the 16 common 
shopping list items again (delayed recall). The Spot-the-Word test (STW) was used in this study to test 
participants’ vocabulary and verbal knowledge with scores ranging from 0 to 60. STW testing involved 
presenting participants with pairs of items, one of which was a real word and the other a non-word, and 
then requiring participants to identify the word. Performance on the STW has not been shown to decline 
with age and is highly correlated with verbal acumen [25]. Finally, processing speed was tested using 
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the Symbol-Digit Modalities Test (SDMT). Participants were provided with a reference key and asked 
to pair geometric figures with specific numbers. Using the SDMT, participants were scored from 0–60 
on the number of correct answers provided in 90 s. 
2.3. Food Consumption Data and Classification 
The AusDiab semi-quantitative food frequency questionnaire consisted of 121 items that asked 
participants about their consumption of 101 food items [26]. This questionnaire assessed usual intake 
and recorded the amount and types of specific food items consumed by participants. In some cases, for 
example casseroles and potatoes, pictures of serving sizes were provided so that persons could indicate 
whether they had more or less of a given food item each day and each week, using the past 12 months 
as a reference. Participants were asked to specify the number of times they had specific food items in 
the past year by checking 1 of 10 frequency categories ranging from ‘never’ to ‘three or more times per 
day’. The average daily intake of food weight in grams was subsequently computed and used in the 
present analysis. 
Three methods were used in order to classify these foods before applying PCA. In the first instance, 
the 101 individual food items asked about in the questionnaire were used (no categorisation). In the 
second and third instances, foods were combined and reduced to 32 and 20 food groups, respectively, 
based on nutrient content and culinary usage—a method employed in several other published studies for 
PCA [21,27] (see Table 1). Some foods were not categorised and were kept separate since they did not 
comfortably fit into any of the categories, e.g. pizza and meat pies [21,28]. More specifically, for the 
reduction of 101 items to 32 food groups, individual items were classed into groups, e.g., the item 
‘Processed Meats’ was a tally of a participant’s bacon, ham, salami and sausage consumption in 
grams/day, while the item ‘Red Meats’ was a tally of beef, pork, lamb, veal and hamburger in grams/day. 
In the final classification system, the 32 food groups were further categorised into broader groups, which 
resulted in 20 food groups, e.g. the item ‘Meats’ was a tally of a participant’s ‘Processed Meats’ and 
‘Red Meats’ consumption in grams/day.  
Table 1. Food groupings used in the dietary pattern analysis. 
Method 1 Method 2 Method 3 
Food Item Food Category Food Category 
Bacon, ham, salami, sausages Processed Meats Meat 
Beef, pork, lamb, veal, hamburger Red Meats Meat 
Fish, fried fish, tinned fish Fish Fish 
Chicken Poultry Poultry 
Eggs Eggs Eggs 
Butter Butter Fats and Oils 
Margarine, poly/mono-unsaturated margarine Margarine Fats and Oils 
Butter and margarine blends 
Butter and  
Margarine Blends 
Fats and Oils 
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Table 1. Cont. 
Reduced-fat/skim milk, low-fat cheese, yoghurt Low-fat Dairy Products Dairy 
Full-cream milk, hard/firm/soft/ricotta/cottage/cream 
cheese, ice-cream, flavoured-milk drink 
High-fat Dairy Products Dairy 
Red/white/fortified wine Wine Alcohol 
Light/heavy beer Beer Alcohol 
Other spirits Other Spirits Alcohol 
Tinned fruit, oranges, apples, pears, bananas, melon, 
pineapple, strawberries, apricots, peaches, mango 
Fruit Fruit 
Fruit juice Fruit Juice Fruit Juice 
Cabbage, cauliflower, broccoli Cruciferous Vegetables Vegetables 
Carrot, pumpkin 
Dark-yellow 
Vegetables 
Vegetables 
Tomatoes, tomato sauce Tomatoes Vegetables 
Lettuce, spinach Green, leafy Vegetables Vegetables 
Peas, green beans, bean sprouts, baked beans, tofu, 
other beans, soya milk 
Legumes Vegetables 
Cucumber, celery, beetroot, mushrooms, zucchini, 
capsicum, avocado 
Other Vegetables Vegetables 
Onion, garlic Garlic and Onions Vegetables 
Potatoes Potatoes Vegetables 
Chips Chips/French fries Chips/French Fries 
All-bran, bran flakes, Weet-Bix, cornflakes, porridge, 
muesli, wholemeal/rye/multi-grain bread 
Whole Grains Whole Grains 
High-fibre white/white bread, rice, pasta, crackers Refined Grains Refined Grains 
Pizza Pizza Pizza 
Sweet biscuits, cakes, crisps, chocolate Snacks Snacks 
Nuts, peanut butter Nuts Nuts 
Jam, vegemite Condiments Condiments 
Sugar Sugar Sugar 
Meat pies Meat Pies Meat Pies 
2.4. Statistical Analysis 
PCA using SPSS version 22 was conducted to identify underlying dietary patterns. In determining 
the number of components to retain for further analysis, we considered component eigenvalues greater 
than 1 along with examination of scree plots. Components were rotated by an orthogonal (varimax) 
rotation to improve interpretability. Overall though, the comprehensibility and interpretability of the 
rotated factors were considered along with the aforementioned criteria. Similar to other studies, derived 
components were labelled based on our description of the observed patterns [29]. 
Dietary pattern scores were calculated for each individual at Wave 1 using all three classification 
methods (individual food items, 32 food groups and 20 food groups). Scores for an observed pattern 
were computed using the following equation: 𝑖𝑖 =  ∑ ��𝑏𝑏𝑖𝑖𝑖𝑖/𝜆𝜆𝑖𝑖�𝑋𝑋𝑖𝑖� 𝑖𝑖  [29]. Variables with factor loadings 
of ≥0.30 were included in the weighted average [30,31]. 
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Logistic regression analysis was performed to determine the association between dietary pattern 
scores at Wave 1 and cognitive status at Wave 3 using all three food item categorisation methods, i.e. 
PCA based on 101 individual food items, 32 food groups or 20 food groups. The interaction between 
dietary pattern score and exercise time was also examined to determine whether there was any 
association with cognitive status using all three food categorisation methods. 
Generalized linear models (GLM) were used to estimate the associations between dietary pattern 
scores at Wave 1 and memory, verbal ability and processing speed using all three food variable  
reduction methods. 
3. Results  
Descriptive statistics for the sample are presented in Table 2. A total of 577 participants (49.22% 
female) had both diet and cognitive data recorded at Wave 1.  
Table 2. Descriptive statistics at Wave 1 for the AusDiab sample included in the study  
(n = 577). 
Variables Wave 1 
Age Range 60–83 
Mean Age (SD) 66.07 (4.85) 
Female (%) 284 (49.22) 
BMI (SD) 26.89 (4.09) 
Secondary School (%) 242 (24.4) 
Tertiary Level (%) 229 (40.1) 
Other - Trade, Technician, Primary Only (%) 100 (17.4) 
Current Smoker (%) 29 (5.1) 
Ex-Smoker (%) 182 (32.0) 
Non-Smoker 357 (62.9) 
Exercise Mean (SD), mins./week 292.45 (324.21) 
MMSE Score 27.41 (2.44) 
CVLT Score 5.17 (2.30) 
STW Score 50.30 (6.84) 
SDMT Score 38.63 (10.74) 
Impaired (%) 44 (7.63) 
3.1. Dietary Pattern Analysis 
Classification method affected the number and components of the patterns identified. Variable 
reduction using 20 food groups explained a greater proportion of variance in the sample than variable 
reduction using 32 food groups and 101 individual food items. Use of 20 food groups explained 30.74% 
of total variance in food use in the sample. Comparatively, use of 101 individual foods explained 23.22% 
and use of 32 food groups explained 29.74% of total variance in food use.  
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Table 3. Results of logistic regression analyses showing associations between CI at Wave 3 and dietary patterns obtained using 101 food items, 
32 food groups and 20 food groups at Wave 1 (odds ratios with 95% confidence intervals shown in brackets). 
 
Dietary  
Pattern 1 
Dietary  
Pattern 2 
Dietary  
Pattern 3 
Dietary  
Pattern 4 
Dietary  
Pattern 5 
Dietary  
Pattern 6 
Dietary  
Pattern 7 
101 Food Items Fruit & Vegetable  
Snack & Processed 
Foods 
Vegetable Meat 
Fish,  
Legumes & Vegetable 
Vegetable,  
Pasta & Alcohol 
Dairy,  
Cereal & Eggs 
OR (95% CI) 
1.061  
(1.006–1.118)  
p = 0.030 * 
1.051  
(0.967–1.143)  
p = 0.239 
0.986  
(0.916–1.061)  
p = 0.701 
1.005  
(0.964–1.048)  
p = 0.806 
1.032  
(1.001–1.064)  
p = 0.040 * 
1.000  
(0.965–1.037)  
p = 0.994 
1.020  
(1.007–1.033)  
p = 0.003 ** 
32 Food Groups Western Prudent 
Vegetable,  
Grains & Wine 
High-Fat    
OR (95% CI) 
1.005  
(0.994–1.016)  
p = 0.409 
0.997  
(0.984–1.010)  
p = 0.643 
1.008  
(0.995–1.020)  
p = 0.229 
0.999  
(0.992–1.007) 
   
20 Food Groups Variety Western 
Dairy,  
Grains & Alcohol 
    
OR (95% CI) 
1.006  
(0.994–1.018)  
p = 0.333 
1.008  
(0.986–1.031)  
p = 0.497 
1.001  
(0.998–1.005)  
p = 0.383 
    
Model adjusted for age, sex, energy, education, BMI, smoking status, STW and exercise time; * p < 0.05; ** p < 0.01. 
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3.1.1. Wave 1 Dietary Patterns Using 101 Individual Food Items 
Seven dietary patterns were extracted using PCA with varimax rotation. The rotated component 
matrix with factor loadings is shown in Supplementary Table 1.  
The first dietary pattern identified was labelled ‘Fruit and Vegetable’ because of the high loadings of 
unprocessed fruit and vegetables observed. The second dietary pattern identified was labelled ‘Snack 
and Processed Food’ due to the high factor loadings observed for foods that could be qualified as such, 
e.g., cakes, jam, ice cream, sausages, and salami. Dietary pattern labels for the other observed dietary 
structures can be viewed in Supplementary Table 1. Together, the dietary patterns identified accounted 
for 23% of total variance in the sample. 
3.1.2. Wave 1 Dietary Patterns Using 32 Food Groups 
After applying PCA, four dietary patterns were extracted. The rotated component matrix with factor 
loadings is shown in Supplementary Table 2.  
The first pattern identified was labelled ‘Western’ because of the predominantly high loadings of 
processed meats, refined grains and convenience foods. The second dietary pattern identified was 
labelled ‘Prudent’ and had characteristically high factor loadings of fish, vegetables and fruit. Dietary 
pattern labels for the other observed dietary structures can be viewed in Supplementary Table 2. 
Together, the dietary patterns identified accounted for 30% of total variance in the sample. 
3.1.3. Wave 1 Dietary Patterns Using 20 Food Groups 
Three dietary patterns were extracted using PCA with varimax rotation. The rotated component 
matrix with factor loadings is shown in Supplementary Table 3. 
The first pattern identified was labelled ‘Variety’ because of the high loadings of a wide variety of 
foods—vegetables, fruit, fish, meat and nuts. The second dietary pattern was labelled ‘Western’ because 
of the high factor loadings of high-fat and high-sugar foods. The final dietary pattern was labelled ‘Dairy, 
Grains and Alcohol’ due to the high factor loadings of these foods recorded. Together, these dietary 
patterns identified accounted for 31% of total variance in the sample. 
3.2. Dietary Pattern as a Predictor of CI Using the MMSE  
Logistic regression analysis using dietary pattern scores obtained from all three variable reduction 
techniques (i.e., 101 individual food items, 32 food groups and 20 food groups) was conducted to 
examine the relationship between dietary pattern and CI. Covariates included the independent variables 
age, sex, energy, education, BMI, smoking status, exercise time and Spot-the-Word (as a control for 
premorbid intelligence) [32]. 
The only significant dietary predictors of CI were obtained using 101 individual food items. Three of 
the seven dietary patterns identified were observed to be significant predictors of CI. For every one unit 
increase in these pattern scores, the odds of CI decreased ((Fruit and Vegetable Pattern: p = 0.030,  
OR 1.061, confidence interval: 1.006–1.118); (Fish, Legumes and Vegetable Pattern: p = 0.040,  
OR 1.032, confidence interval: 1.001–1.064); (Dairy, Cereal and Eggs Pattern: p = 0.003, OR 1.020, 
confidence interval: 1.007–1.033)). 
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Table 4. Results of GLM showing associations between cognitive function at Wave 3 and dietary patterns obtained using 101 individual food 
items, 32 food groups and 20 food groups at Waves 1, 2 and 3 (𝛽𝛽 values with Standard Errors shown in brackets). 
 Dietary Pattern 1 Dietary Pattern 2 Dietary Pattern 3 Dietary Pattern 4 Dietary Pattern 5 Dietary Pattern 6 Dietary Pattern 7 
101 Food Items Fruit & Vegetable  
Snack & Processed 
Foods 
Vegetable Meat 
Fish, Legumes & 
Vegetable 
Vegetable,  
Pasta & Alcohol 
Dairy,  
Cereal & Eggs 
CVLT 
0.012 (0.013)  
p = 0.336 
0.020 (0.015)  
p = 0.186 
−0.001 (0.012)  
p = 0.930 
0.000 (0.005)  
p = 0.984 
−0.002 (0.007)  
p = 0.793 
0.004 (0.006)  
p = 0.551 
−4.474 (0.002)  
p = 0.986 
SDMT 
0.097 (0.057)  
p = 0.091 
0.060 (0.067)  
p = 0.365 
0.013 (0.054)  
p = 0.801 
0.014 (0.023)  
p = 0.536 
−0.062 (0.032)  
p = 0.054 
−0.003 (0.028)  
p = 0.916 
−0.016 (0.011)  
p = 0.149 
STW 
0.077 (0.039)  
p = 0.051 
0.080 (0.046)  
p = 0.086 
0.046 (0.037)  
p = 0.224 
0.007 (0.020)  
p = 0.722 
0.000 (0.022)  
p = 0.994 
0.000 (0.021)  
p = 0.982 
0.002 (0.008)  
p = 0.799 
32 Food Groups Western Prudent 
Vegetable,  
Grains & Wine 
High-Fat    
CVLT 
−0.008 (0.003)  
p = 0.001 ** 
−0.005 (0.003)  
p = 0.067 
0.001 (0.003)  
p = 0.764 
−0.001 (0.001)  
p = 0.711 
   
SDMT 
−0.024 (0.011)  
p = 0.035 * 
−0.035 (0.011)  
p = 0.002 ** 
0.024 (0.012)  
p = 0.034 * 
0.005 (0.006)  
p = 0.403 
   
STW 
−0.006 (0.008)  
p = 0.467 
−0.006 (0.008)  
p = 0.425 
0.013 (0.008)  
p = 0.119 
0.001 (0.005)  
p = 0.774 
   
20 Food Groups Variety Western 
Dairy,  
Grains & Alcohol 
    
CVLT 
−0.003 (0.003)  
p = 0.272 
−0.004 (0.005)  
p = 0.376 
−0.002 (0.001)  
p = 0.005** 
    
SDMT 
−0.026 (0.011)  
p = 0.018 * 
−0.007 (0.021)  
p = 0.740 
−0.005 (0.003)  
P = 0.149 
    
STW 
−0.008 (0.008)  
p = 0.291 
0.002 (0.015)  
p = 0.901 
−0.001 (0.002)  
p = 0.618 
    
Model adjusted for age, sex, energy, education, BMI, smoking status, STW and exercise time; * p < 0.05, ** p < 0.01. 
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When the interaction term ‘dietary pattern score × exercise time’ was included in the model, no 
significant results were obtained. 
3.3. Dietary Pattern as a Predictor of Memory, Vocabulary and Verbal Knowledge and  
Processing Speed 
Using dietary pattern scores calculated from 101 individual food items, there were no dietary patterns 
observed to be significantly predictive of memory, processing speed or verbal knowledge. 
Using 32 food groups, however, the ‘Western’ dietary pattern was a predictor of poorer memory and 
processing speed (𝛽𝛽 = −0.008, SE = 0.003, p = 0.001 and 𝛽𝛽 = −0.024, SE = 0.011, p = 0.035). In 
addition, the ‘Prudent’ dietary pattern was also a predictor of poorer processing speed (𝛽𝛽 = −0.035,  
SE = 0.011, p = 0.002). 
When 20 food groups were used to calculate dietary pattern scores, the ‘Dairy, grains and alcohol’ 
dietary pattern was predictive of poorer memory while the ‘Variety’ dietary pattern was associated with 
poorer processing speed ( 𝛽𝛽  = −0.002, SE = 0.001, p = 0.005 and 𝛽𝛽  = −0.026, SE = 0.011,  
p = 0.018 respectively). 
4. Discussion  
The present study is one of the few that use a data-driven method of dietary analysis to assess the 
relationship between diet and cognitive function in older Australian adults. A number of findings from 
this study are noteworthy. First, the broader the categories used in grouping foods, the greater the 
variability in food use that was explained. It was observed, however, that the results of logistic regression 
were more sensitive when dietary analysis was based on individual food items than food groups. From 
these data we observed that for every one unit increase in ‘Fruit and Vegetable’, ‘Fish, Legumes and 
Vegetable’ and ‘Dairy, Cereal and Eggs’ dietary pattern scores, the odds of CI decreased.  
When looking at the relationship between dietary pattern and memory, processing speed and 
vocabulary, no significant results were observed using 101 individual food items. Using 32 food groups, 
the ‘Western’ dietary pattern was found to be predictive of poorer memory and processing speed, the 
‘Vegetable, Grains and Wine’ pattern was a predictor of better processing speed while the ‘Prudent’ 
pattern was predictive of poorer processing speed. Using 20 food groups we observed that the ‘Variety’ 
dietary pattern was a predictor of poorer processing speed and the ‘Dairy, Grains and Alcohol’ pattern 
predictive of poorer memory.  
We found that the method of reducing food variables affected the amount of variance in food use that 
was explained. Similarly to other published findings, the broader the categories used, the greater the 
variability in food use explained [21]. We suggest this may be due to the inclusion of foods that are both 
weakly and strongly correlated with a specific pattern in the broader categorisations which leads to an 
increase in the information captured [21]. Interestingly, for logistic regression analyses, it was only when 
the level of detail in the items included in PCA-derived dietary patterns increased that significant 
associations between diet and cognitive impairment were observed, i.e., it was variable reduction that 
utilised dietary pattern scores from individual foods that produced the only significant results. This may 
be because analysis using individual foods captures more meaningful results as it is able to show whether 
consumption or non-consumption of specific food items is associated with disease. 
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Our results are consistent with previous studies in showing that diets with high loadings of vegetables 
and other plant-based food items (fruit, grains and legumes) resulted in reduced odds of disease and 
improved cognitive function [21,27]. In a study of 6911 Chinese subjects aged 65 and older who formed 
part of the Chinese Longitudinal Health Longevity Study, lower intakes of vegetables and legumes were 
associated with cognitive decline when using MMSE as a measure of cognitive function [33]. 
Multivariate logistic regression showed that always eating vegetables and always consuming legumes 
were inversely associated with cognitive decline [33]. Additionally, in a study of 2,148 community-based 
elderly subjects without dementia in New York, higher intakes of cruciferous and dark and green leafy 
vegetables were found to be associated with a decreased risk of developing AD [34]. The benefits of 
diets high in vegetables extend beyond the cognitive domain. In a European study aimed to investigate 
the effect of the Mediterranean diet (MeDi) on mortality, greater adherence was associated with a more 
than 50% lower rate of all-causes and cause-specific mortality [35]. McCann et al. [21], in a study 
examining the effect of dietary patterns on estimation of endometrial cancer risk, found that dietary 
patterns high in fruit, vegetables and whole-grains resulted in reduced endometrial cancer risks. 
Similarly, dietary patterns high in vegetables, grain and fruit have been found to be associated with a 
modestly lower risk for type 2 diabetes [27]. This seemingly protective association between plant-based 
foods and disease may be the result of the high concentration of antioxidant nutrients present in 
vegetables and fruits and their role in suppressing inflammation. There is evidence that oxidative stress 
and inflammation can lead to impaired cognitive function because of an increase in free radicals and the 
damage they cause to neuronal cells [14].  
The Mediterranean diet (MeDi), one of the most studied dietary patterns, describes a diet rich in 
cereals, olive oil, fish, fruits and vegetables and low in dairy and meat with a moderate consumption of 
red wine. This diet has been linked to increased survival, reduced risk of cancers, cardiovascular disease, 
longevity and CI [11,16,36–38]. In the present study, diets rich in vegetables, grain and wine were found 
to be predictive of better processing speed and diets high in vegetables and plant-based food items were 
generally associated with better cognitive outcomes. 
Worth noting is the finding that the ‘Prudent’ dietary pattern was predictive of poorer processing 
speed. This dietary pattern was so labelled because of its high loadings of fish, fruit and vegetables, nuts 
and whole-grains. Perhaps an explanation of this lies in the method in which food items are prepared or 
in analysing whether there is actually a protective effect of foods contained in this pattern. For instance, 
while many studies have examined the effect of fish consumption on cognition, some clarification is still 
needed on the purported link between the two. In a study of 6150 Chicago residents aged 65 and older 
to examine whether intake of fish and omega-3 fatty acids protects against age-related cognitive decline, 
it was reported that fish consumption may be associated with slower cognitive decline with age [39]. 
Similar findings were also reported by Kalmijn et al. in 1997, who found statistically significant 
decreased risks of AD with higher fish consumption [40]. In two more recent Australian studies, one 
reported that higher fish consumption was associated with an increased risk of cognitive disorder [15] 
while the other found no evidence to support the hypothesis that higher proportions of fish intake benefits 
cognitive performance in normal older adults [41].  
The ‘Variety’ dietary pattern was also found to be predictive of poorer processing speed. This pattern, 
so named because of high factor loadings in a variety of foods, is of interest because dietary guidelines 
for Australia and the rest of the world highlight the benefits of consuming a wide variety of foods. 
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Therefore, in food and nutrition policy, there is a need to ensure that messages about the method of food 
preparation, processing and portion sizes of consumables are equally stressed. 
In the present study, the ‘Western’ dietary pattern was predictive of poorer memory and processing 
speed. This is supported by other research which has reported that the ‘Western’ dietary pattern is 
associated with cognitive decline and reduced executive function [42]. 
One of the limitations of this study lies in its inability to report disease incidence as cognitive data 
were only collected at one time point (Wave 3). Additionally, no data were collected on executive 
function, and dietary intake is self-reported. There is also some subjectivity in determining food groups 
before application of PCA, but the method of food variable reduction we employed has been widely used 
in other studies [21,27]. It is also possible that the results observed may represent a selection bias, as 
only older adults with dietary and cognitive data were included in the study (n = 577). This has the effect 
of limiting the generalizability of the study’s findings. Finally, while we focused on the methodology of 
grouping foods in this paper, we were still unable to clearly identify guidelines for future researchers to 
follow. This is a major issue for diet-cognition research and suggests the need for further investigation 
and development of more robust and consensus-led methodologies in the field. 
Despite its limitations, this study adds to the sparse body of literature examining the relationship 
between dietary patterns and CI among older adults, both in Australia and internationally. Furthermore, 
the study’s focus on older age groups whose dietary patterns have not been widely studied and reported 
is noteworthy. Finally, the study’s ability to answer a methodological question that has been one of the 
main critiques of PCA makes it noteworthy—how do variable reduction methods before the application 
of PCA affect the results obtained? This question is significant when examining the relationship between 
dietary patterns and cognition since there is a level of subjectivity involved in reducing food variables, 
and these can affect the observed associations with cognitive function [27]. 
Future studies examining the association between dietary intake and cognitive status will be useful to 
identify other patterns associated with CI and to examine more nuanced issues as they relate to diet and 
cognitive function.  
5. Conclusions  
Our findings showed that diets with high factor loadings of fruit, vegetables and plant-based food 
items conferred cognitive benefits, while those with high factor loadings of high-fat and convenience 
foods are linked to poorer cognitive outcomes. These results are similar to those of other studies  
which show that diets with high loadings of vegetables, fruit and grain reduce the odds of a myriad of 
diseases [21,27,43]. In addition, we demonstrated that the method of variable reduction in dietary studies 
may influence results, and suggest that further work is required to establish robust and replicable 
methods of dietary analysis for use in research into cognitive ageing. Additional studies that focus on 
the dietary habits of those over age 60 would be useful in order to further elucidate more specific details 
between dietary patterns, types and amount of fat, protein and carbohydrates, number of calories, and 
micro and macronutrients that are linked with optimal cognitive function and reduced risk of CI in older 
adults. Such information is required to provide support for the development of policies that promote 
optimal cognitive health in ageing. 
  
 
Nutrients 2015, 7 1064 
 
Acknowledgments 
This research was supported by the Australian Research Council Centre of Excellence in Population 
Ageing Research (project number CE110001029). 
AP is supported by a National Health and Medical Research Council Career Development Award 
(1045456). 
KJA is funded by NHMRC Fellowship #1002560. We acknowledge support from the NHMRC 
Dementia Collaborative Research Centres.  
The AusDiab study co-coordinated by the Baker IDI Heart and Diabetes Institute, gratefully 
acknowledges the support and assistance given by: K Anstey, B Atkins, B Balkau, E Barr, A Cameron, 
S Chadban, M de Courten, D Dunstan, A Kavanagh, D Magliano, S Murray, N Owen, K Polkinghorne, 
J Shaw, T Welborn, P Zimmet and all the study participants. 
Also, for funding or logistical support, we are grateful to: National Health and Medical Research 
Council (NHMRC grants 233200 and 1007544), Australian Government Department of Health and 
Ageing, Abbott Australasia Pty Ltd, Alphapharm Pty Ltd, Amgen Australia, AstraZeneca, Bristol-Myers 
Squibb, City Health Centre-Diabetes Service-Canberra, Department of Health and Community Services 
—Northern Territory, Department of Health and Human Services—Tasmania, Department of Health—
New South Wales, Department of Health—Western Australia, Department of Health—South Australia, 
Department of Human Services—Victoria, Diabetes Australia, Diabetes Australia Northern Territory, 
Eli Lilly Australia, Estate of the Late Edward Wilson, GlaxoSmithKline, Jack Brockhoff Foundation, 
Janssen-Cilag, Kidney Health Australia, Marian & FH Flack Trust, Menzies Research Institute, Merck 
Sharp & Dohme, Novartis Pharmaceuticals, Novo Nordisk Pharmaceuticals, Pfizer Pty Ltd,  
Pratt Foundation, Queensland Health, Roche Diagnostics Australia, Royal Prince Alfred Hospital, 
Sydney, Sanofi Aventis, Sanofi-Synthelabo, and the Victorian Government’s OIS Program.  
Author Contributions 
Kimberly Ashby-Mitchell was responsible for designing the study, conducting analyses, interpreting 
the output of analyses and preparing the manuscript for submission. Anna Peeters interpreted data and 
revised the manuscript for intellectual content. Kaarin J. Anstey interpreted data and revised the 
manuscript for intellectual content. 
Conflicts of Interest 
The authors have reported no conflicts of interest. 
References  
1. U.S. Department of Health and Human Services Centers for Disease Control and Prevention. 
Cognitive Impairment: A Call for Action Now; U.S. Department of Health and Human Services 
Centers for Disease Control and Prevention: Atlanta, GA, USA, 2011. 
2. Gillette-Guyonnet, S.; Secher, M.; Vellas, B. Nutrition and neurodegeneration: Epidemiological 
evidence and challenges for future research. Br. J. Clin. Pharmacol. 2013, 75, 738–755. 
 
Nutrients 2015, 7 1065 
 
3. McNeill, G.; Winter, J.; Jia, X. Diet and cognitive function in later life: A challenge for nutrition 
epidemiology. Eur. J. Clin. Nutr. 2009, 63, S33–S37. 
4. Shatenstein, B.; Ferland, G.; Belleville, S.; Gray-Donald, K.; Kergoat, M.-J.; Morais, J.; Gaudreau, P.; 
Payette, H.; Greenwood, C. Diet quality and cognition among older adults from the NuAge study. 
Exp. Gerontol. 2012, 47, 353–360. 
5. Barnes, D.E.; Yaffe, K. Predicting dementia: Role of dementia risk indices. Future Neurol. 2009, 
4, 555–560. 
6. Matthews, F.E.; Jagger, C.; Miller, L.L.; Brayne, C. Education differences in life expectancy with 
cognitive impairment. J. Gerontol. Ser. A: Biol. Sci. Med. Sci. 2009, 64, 125–131. 
7. Andrade, C.; Radhakrishnan, R. The prevention and treatment of cognitive decline and dementia: 
An overview of recent research on experimental treatments. Indian J. Psychiatry 2009, 51, 12, 
doi:10.4103/0019-5545.44900. 
8. Jacobs, D.R.; Steffen, L.M. Nutrients, foods, and dietary patterns as exposures in research: A 
framework for food synergy. Am. J. Clin. Nutr. 2003, 78, 508–513. 
9. Waijers, P.M.; Feskens, E.J.; Ocké, M.C. A critical review of predefined diet quality scores. Br. J. 
Nutr. 2007, 97, 219–231. 
10. Jacobs, D.R.; Tapsell, L.C. Food, not nutrients, is the fundamental unit in nutrition. Nutr. Rev. 2007, 
65, 439–450. 
11. Scarmeas, N.; Stern, Y.; Mayeux, R.; Manly, J.J.; Schupf, N.; Luchsinger, J.A. Mediterranean diet 
and mild cognitive impairment. Arch. Neurol. 2009, 66, 216–225. 
12. Morris, M.; Evans, D.A.; Bienias, J.L.; Tangney, C.C.; Bennett, D.A.; Wilson, R.S.; Aggarwal, N.; 
Schneider, J. Consumption of fish and n-3 fatty acids and risk of incident Alzheimer disease. Arch. 
Neurol. 2003, 60, 940–946. 
13. Nelson, C.; Wengreen, H.J.; Munger, R.G.; Corcoran, C.D. Dietary folate, vitamin B-12, vitamin 
B-6 and incident Alzheimer’s disease: The Cache County memory, health, and aging study. J. Nutr. 
Health Aging 2009, 13, 899–905. 
14. Wärnberg, J.; Gomez-Martinez, S.; Romeo, J.; Díaz, L.-E.; Marcos, A. Nutrition, inflammation, and 
cognitive function. Ann. N. Y. Acad. Sci. 2009, 1153, 164–175. 
15. Cherbuin, N.; Anstey, K.J. The Mediterranean diet is not related to cognitive change in a large 
prospective investigation: The PATH through life study. Am. J. Geriatr. Psychiatry 2012, 20,  
635–639. 
16. Scarmeas, N.; Stern, Y.; Tang, M.-.X.; Mayeux, R.; Luchsinger, J.A. Mediterranean diet and risk 
for Alzheimer’s disease. Ann. Neurol. 2006, 59, 912–921. 
17. Hodge, A.; Almeida, O.P.; English, D.R.; Giles, G.G.; Flicker, L. Patterns of dietary intake and 
psychological distress in older Australians: Benefits not just from a Mediterranean diet. Int. 
Psychogeriatr. 2013, 25, 456–466. 
18. Jacka, F.N.; Cherbuin, N.; Anstey, K.J.; Butterworth, P. Dietary patterns and depressive symptoms 
over time: Examining the relationships with socioeconomic position, health behaviours and 
cardiovascular risk. PLoS One 2014, 9, e87657, doi:10.1371/journal.pone.0087657. 
  
 
Nutrients 2015, 7 1066 
 
19. Reedy, J.; Wirfält, E.; Flood, A.; Mitrou, P.N.; Krebs-Smith, S.M.; Kipnis, V.; Midthune, D.; 
Leitzmann, M.; Hollenbeck, A.; Schatzkin, A. Comparing 3 dietary pattern methods—Cluster 
analysis, factor analysis, and index analysis—With colorectal cancer risk the NIH–AARP diet and 
health study. Am. J. Epidemiol. 2010, 171, 479–487. 
20. Fabrigar, L.R.; Wegener, D.T.; MacCallum, R.C.; Strahan, E.J. Evaluating the use of exploratory 
factor analysis in psychological research. Psychol. Methods 1999, 4, 272, doi:10.1037/1082-
989X.4.3.272. 
21. McCann, S.E.; Marshall, J.R.; Brasure, J.R.; Graham, S.; Freudenheim, J.L. Analysis of patterns of 
food intake in nutritional epidemiology: Food classification in principal components analysis and 
the subsequent impact on estimates for endometrial cancer. Public Health Nutr. 2001, 4,  
989–997. 
22. Dunstan, D. Diabesity and Associated Disorders in Australia, 2000: The Accelerating Epidemic: 
The Australian Diabetes, Obesity and Lifestyle Study (AusDiab); International Diabetes Institute: 
Melbourne, Australia, 2001. 
23. Tanamas, S.K. The Australian Diabetes, Obesity and Lifestyle Study; Baker IDI Heart and Diabetes 
Institute: Melbourne, Australia, 2013. 
24. Anstey, K.J.; von Sanden, C.; Luszcz, M.A. An 8-year prospective study of the relationship between 
cognitive performance and falling in very old adults. J. Am. Geriatr. Soc. 2006, 54, 1169–1176. 
25. Baddeley, A.; Emslie, H.; Nimmo-Smith, I. The Spot-the-Word test: A robust estimate of verbal 
intelligence based on lexical decision. Br. J. Clin. Psychol./Br. Psychol. Soc. 1993, 32, 55–65. 
26. Grantham, N.M.; Magliano, D.J.; Hodge, A.; Jowett, J.; Meikle, P.; Shaw, J.E. The association 
between dairy food intake and the incidence of diabetes in Australia: The Australian diabetes 
obesity and lifestyle study (AusDiab). Public Health Nutr. 2013, 16, 339–345.  
27. Van Dam, R.M.; Rimm, E.B.; Willett, W.C.; Stampfer, M.J.; Hu, F.B. Dietary patterns and risk for 
type 2 diabetes Mellitus in U.S. men. Ann. Intern. Med. 2002, 136, 201–209. 
28. Khani, B.R.; Ye, W.; Terry, P.; Wolk, A. Reproducibility and validity of major dietary  
patterns among Swedish women assessed with a food-frequency questionnaire. J. Nutr. 2004, 134, 
1541–1545. 
29. Hu, F.B.; Rimm, E.; Smith-Warner, S.A.; Feskanich, D.; Stampfer, M.J.; Ascherio, A.; Sampson, L.; 
Willett, W.C. Reproducibility and validity of dietary patterns assessed with a food-frequency 
questionnaire. Am. J. Clin. Nutr. 1999, 69, 243–249. 
30. Hosking, D.; Danthiir, V. Retrospective lifetime dietary patterns are associated with demographic 
and cardiovascular health variables in an older community-dwelling Australian population. Br. J. 
Nutr. 2013, 110, 2069–2083.  
31. Northstone, K.; Ness, A.; Emmett, P.; Rogers, I. Adjusting for energy intake in dietary pattern 
investigations using principal components analysis. Eur. J. Clin. Nutr. 2007, 62, 931–938. 
32. Crowell, T.A.; Vanderploeg, R.D.; Small, B.J.; Graves, A.B.; Mortimer, J.A. Elderly norms for the 
Spot-the-Word test. Arch. Clin. Neuropsychol. 2002, 17, 123–130. 
33. Chen, X.; Huang, Y.; Cheng, H.G. Lower intake of vegetables and legumes associated with 
cognitive decline among illiterate elderly Chinese: A 3-year cohort study. J. Nutr. Health Aging 
2012, 16, 549–552.  
 
Nutrients 2015, 7 1067 
 
34. Gu, Y.; Nieves, J.W.; Stern, Y.; Luchsinger, J.A.; Scarmeas, N. Food combination and Alzheimer 
disease risk: A protective diet. Arch. Neurol. 2010, 67, doi:10.1001/archneurol.2010.84. 
35. Knoops, K.B.; de Groot, L.M.; Kromhout, D.; Perrin, A.E.; Moreiras-Varela, O.; Menotti, A.;  
van Staveren, W.A. Mediterranean diet, lifestyle factors, and 10-year mortality in elderly european 
men and women: The hale project. JAMA 2004, 292, 1433–1439. 
36. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the 
Mediterranean diet on health: An updated systematic review and meta-analysis. Am. J. Clin. Nutr. 
2010, 92, 1189–1196.  
37. Solfrizzi, V.; Panza, F.; Frisardi, V.; Seripa, D.; Logroscino, G.; Imbimbo, B.P.; Pilotto, A. Diet 
and Alzheimer’s disease risk factors or prevention: The current evidence. Expert Rev. Neurother. 
2011, 11, 677–708.  
38. Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean diet 
and survival in a Greek population. N. Engl. J. Med. 2003, 348, 2599–2608.  
39. Morris, M.C. The role of nutrition in Alzheimer’s disease: Epidemiological evidence. Eur. J. 
Neurol.: Off. J. Eur. Fed. Neurol. Soc. 2009, 16 (Suppl. 1), 1–7.  
40. Kalmijn, S.; Launer, L.J.; Ott, A.; Witteman, J.C.; Hofman, A.; Breteler, M.M. Dietary fat intake 
and the risk of incident dementia in the Rotterdam Study. Ann. Neurol. 1997, 42, 776–782.  
41. Danthiir, V.; Hosking, D.; Burns, N.R.; Wilson, C.; Nettelbeck, T.; Calvaresi, E.; Clifton, P.; 
Wittert, G.A. Cognitive performance in older adults is inversely associated with fish consumption 
but not erythrocyte membrane n-3 fatty acids. J. Nutr. 2014, 144, 311–320.  
42. Gardener, S.L.; Rainey-Smith, S.R.; Barnes, M.B.; Sohrabi, H.R.; Weinborn, M.; Lim, Y.Y.; 
Harrington, K.; Taddei, K.; Gu, Y.; Rembach, A. Dietary patterns and cognitive decline in an 
Australian study of ageing. Mol. Psychiatry 2014, 29, doi:10.1038/mp.2014.79. 
43. Chan, R.; Chan, D.; Woo, J. A cross sectional study to examine the association between dietary 
patterns and cognitive impairment in older Chinese people in Hong Kong. J. Nutr. Health Aging 
2013, 17, 757–765. 
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 
 
